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A FIBROUS KERATIN PRECURSOR FROM THE HUMAN EPIDERMIS
I. THE EXTRACTION AND PHYSICAL PROPERTIES OF A FIBROUS PROTEIN FOUND
IN THE HUMAN EPIDERMIS*
DAPHNE ANDERSON ROE, M.D., M.R.C.P.
Keratin formation is one of the major unsolved problems in skin physiology.
In his work on the keratin of the hair follicle, Mercer (1) commented that as the
size and shape of the molecules of the keratin precursor were unknown, our know!-
edge was still rather limited. He thought that in keratinization the most likely
primary stage was the conversion of a globular protein into a fibrous form by end
to end linkage of the particles.
In dermatology most of the studies have been carried out on histological
material. According to one view, keratinization begins in the periphery of the
cells of the upper Malpighian layer (2). On the other hand, histochemical observa-
tions suggest that the tonofibrils are the crystallization centers of keratin forma-
tion (3, 4, 5). Although tonofibrils show an alpha keratin pattern (6), this does
not indicate that they contain fully formed keratin. An insoluble prekeratin may
be produced by the formation of hydrogen bonds even before appreciable disulfide
formation takes place (7). Recent electron microscope studies (8) revealed cyto-
plasmic filaments less than 100A wide which are directed both towards the dermo-
epidermal junction and the intercellular bridges. These filaments, presumably
the submicroscopic constituents of tonofibrils, were called "tonofilaments"
and were believed to represent a keratin like fibrous protein. If these tonofila-
ments are composed of a fibrous keratin precursor, then it appears that kera-
tinization begins at the dermo-epidermal junction and that in the primary stage
a fibrous and not a globular protein is present.
An important biochemical investigation on epidermal keratin precursors has
been carried out on animal epidermis by Rudall (9). He extracted a fibrous protein,
epidermin, from the outer layer of the epidermis of the cow's nose with 6M
urea. X-ray diffraction and infra red spectroscopy, as well as thermal contraction
studies, showed that epidermin was a possible fibrous keratin precursor of the
keratin-myosin-fibrinogen group.
When we applied Rudall's method of urea extraction to human epidermis, no
fibrous protein could be obtained either from callus or from whole epidermis.
Various other reagents also failed to extract fibrous proteins from human epider-
mis.
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Success, however, was achieved when lithium bromide, a hydrogen bond
breaker (10) was used as an extractant. With this method, a fibrous protein was
isolated from human epidermis which was different from any heretofore described
epidermal component.
Experimental
1. Extraction of Epidermal Protein:
Epidermis from the skin of amputated legs, breasts and autopsy specimens
was separated from the dermis by the stretch method (11). The epidermis was
dried, pulverized in a Wiley mill and defatted with ether. The pulverized material
was extracted with 75 per cent lithium bromide (10 ml/Gm dry weight of tissue)
by agitation for 48 hours in sealed flasks at room temperature. The extract was
filtered and dialysed against distilled water. Within a few hours a white fibrous
mass precipitated in the bag (Figure 1). This method of extraction was also pp1ied
to dried defatted and pulverized callus, as well as to the upper keratinous and
lower cellular fractions of human epidermis (12).
In order to determine whether this fibrous protein was present in other kera-
tinized structures, human hair, guinea pig hair and guinea pig epidermis was
extracted with a 75 per cent lithium bromide solution. Guinea pig epidermis was
separated by the stretch method from guinea pig skin previously depilated by
chioroprene dimers or by squalene (13).
The protein mass was collected by centrifugation and was washed three times
with distilled water.
The protein was then treated by washing three times with 60 per cent acetone
and by adding an equal volume of 4 per cent acetic acid drop by drop. After
homogenization of this mixture a gel formed. The gel was poured onto silicone
coated glass. On drying, the protein formed translucent films.
2. Orientation of the Protein:
After immersion in cold water, the film was found to be highly elastic and could
be oriented by the extension method (14). Two to three m.m. wide strips of the
FIG. 1. Fibrous epidermal protein in the dialyzing bag
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FIG. 2. Clamp with protein strip in situ
protein were fixed in a clamp (Figure 2), immersed in cold water for 10 minutes
and the film strip was stretched 200 per cent of its original length. It was then
held in an extended state for 1 hour and subsequently allowed to contract in
cold water for about 4 hours or until it reached constant lellgth. At this point
approximately 50 per cent contraction had occurred.
RESULTS
1. Yield:
In the powdered fractions of sole epidermis, 3.6 per cent of the upper layer and
1.9 per cent of the lower layer consisted of fibrous protein. The epidermis yielded
10 to 15 times more of this material than powdered callus.
No protein could be extracted from hair. A fibrous protein obtained from guinea
pig epidermis was dried as a film. Analytical studies of the film are in progress,
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but at present it is not known whether or not this protein is identical with that
obtained from human epidermis.
2. Physical Properties:
a. Birefringence
Prior to stretching, the dried protein film did not show birefringence. However,
when strips were stretched 150 per cent of the initial length, birefringence oc-
curred (Figure 3).
b. X-ray diffraction studies
Examination of the dried film before stretching did not reveal any sign of
orientation. After the extension method of orientation was applied to film strips,
and alpha diagram was seen which was very similar in all respects to that of
alpha keratin.
A detailed account of these studies will be published elsewhere.
c. Elasticity studies
The strips of this protein like those of epidermin show marked elasticity when
stretched after immersion in cold water. When strips of film about 2 mm. wide
are stretched gently in cold water, the point at which breakage occurs varies
between extensions of 200 to 300 per cent of their initial length.
The relationship of extension to contraction of film was studied by extending
the film strips in water at room temperature 25, 50, 100, 150 and 200 per cent of
their initial length and then allowing them to contract to constant length in cold
water (approximate time for contraction was 4 hours). Good agreement was
found in experiments conducted on 10 different samples.
Fic. 3. Film strip showing birefringence
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The curve obtained (Figure 4) closely resembles Rudall's curves of epidermin,
fibrin and myosin films (14). This curve is considered by Rudall to be character-
istic of all soluble alpha type proteins.
As noted above, the films break when extended in cold water by 200—300 per
cent, some already at about 180 per cent extension. This is the region where
maximum contraction occurs when the stretched film is released. It is suggested
that at this point a maximum has been reached in the orientation of continuous
phases in the fiber and that cohesion of the structure is insufficient to allow further
extension by the unfolding of chains.
Stretching is facilitated by immersion of the film strip in saturated ammonium
sulfate. Extension up to 350 per cent of the initial length may be achieved without
breaking. It is believed that in saturated ammonium sulfate cohesion is greater
and unfolding of the oriented chains proceeds continuously. There is also con-
tinuous slipping and apparently with each process some new chains are in a
position to be unfolded.
d. Cross-linking phenomena
Protein film strips were immersed in a 0.0685M solution of ninhydrin (triketo-
hydrindene hydrate) for 15 minutes at 60°C. The protein was dyed a deep purple.
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Fic. 4. Extension-contraction curves of fibrous epidermal protein
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FIG. 5. Thermal contraction curves of fibrous epidermal protein
Abscissa in °C
After drying, the strips were attached to the clamp and immersed in cold water.
Extension was performed with difficulty and breakage occurred at 100 per cent
extension with no contraction of the broken pieces.
Using wool fibers (15), the reaction takes place with a boiling solution of nm-
hydrin (0.0685M) at pH 4.8. After 15 minutes of this treatment, the wool fiber
shows a 25.8 per cent increase in resistance to extension in water at room tempera-
ture. Since the extent of the reaction is reduced when lysine side chains are
blocked by means of 1-fluoro-2 :4 dinitrobenzene or nitrosobenzene and since no
strengthening is obtained with completely deaminated fibers, the basic side chains
of the protein must play a fundamental part in the cross-linking reaction.
e. Thermal contraction studies
Strips of the protein film of known length were immersed for 2 minutes in
water at temperatures varying by 10°C from 30°C—100°C. The strips were then
dried and the final length noted.
The contraction of the strips at various temperatures is illustrated in Figure
5. The relationship of the thermal contraction to molecular transformation, that
is the change of the protein from the alpha to the beta form, is now being studied
by x-ray diffraction methods.
DISCUSSION
At present, it is impossible to determine the role that this fibrous protein plays
in epidermal differentiation. On the basis of available data, it is probable that
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this substance is a prekeratin. This probability is supported by the chemical
findings and more particularly by the alpha x-ray diagram. The purity of the
protein and its chemical characteristics are at present under investigation and
the findings will be described in a later paper. A particularly interesting finding
may be mentioned here, namely the extremely low disulfide content of the fibrous
epidermal protein. Apparently "keratins" become fibrous and even resistant to
solvents before they are stabilized by disulfide cross-linking.
At first it would seem strange that although only very small amounts of this
protein were obtained from powdered callus, considerably more was extracted
from the upper than the lower layer of the plantar epidermis. However, this
apparent discrepancy could be explained by postulating that the upper layer
contains not only the stratum corneum but also the stratum granulosum and
lucidum.
Although the part that this protein has in epidermal metabolism cannot as
yet be established, the regular occurrence in all human epidermal specimens
tested suggests that it is an essential component of human epidermis. Work is in
progress to determine the relationship of this fibrous protein to the keratins and
to the process of epidermal keratinization.
SUMMARY
A fibrous protein was extracted from human epidermis with 75 per cent lithium
bromide and was dried as a film. It was oriented by extending strips of the film
200 per cent of their original length. Following this procedure, the film became
birefringent and showed an alpha x-ray diffraction diagram similar to epidermal
keratin.
Elasticity and thermal contraction studies showed the relationship of this
protein to keratin, myosin, epidermin and fibrinogen.
Significant amounts of this protein were present throughout the cellular epi-
dermis, but more was found in the upper than in the lower part. Very small
amounts were obtained from samples of powdered callus.
It has been postulated that the protein is a keratin precursor in a fibrous form
but at a stage prior to the stabilization of the molecule.
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